
OAK RIDGE NATIONAL LABORATORY 
Oporoted By 

UNION CARBIDE NUCLEAR COMPANY 

POST OFFICE BOX P 

OAK RIDGE, TENNESSEE 

c ~ - S 5 - 9 - ] 3 3  A\ ID  
WFPLB M e t q  

.,, .2 
'!) ,; 
18 

DATE: :(+' September 22, 1955 
8 n - 

SUBJECT: 0RACL;E CODE FOR A GENERAL TWO-REGION, TWO-GROUP 
4 SF'HEBICAL HOMOGEEEOUS REACTOR CALCULATIOH 

O R N L  
CENTRAL FILES NUMBER 

- q- /33 

COPY NO. 9 

This document contains infarmati4 fr preliminary 
natum and was prepared primarily for inhrnal use 
at the Oak Ridgo National Lob~atory. I t  is subject 
to revision or correction and +.refore does not 
represent a final report. 

~ ~ # s l . f l E ~  



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



' '  a /' 
EXTER L. DISTRIBUTION ,/' ' 



ORACLE CODE FOR A GEmRAL 
TWO -REGION, TWO -GROUP SPHEEICAL 
HOMOGmOUS REACTOR CALCULATION* 

A general code has. been wri t ten for  the ORACLE fo r  the solution . , of 

a . sphetical; . homogenequ?, . . two-region reactor by the two-.group method. 
... . 

+, . . 
. . 

~h,e*reactor  i s  general i n  t h a t  the core and blanket compositions . .  . a re  
. . . . 

ent i re ly  a rb i  t t a r y  .   he calculation can acco&odate two f u e l  components . . . .. 
. . . . 

plus sevei other. nuc.lear ..compo,nent s i n  the blanket ; two f u e l  components ; 
. . 

poisons, moderator, and, four other' nuclear components i n  the The ' 

reactor may or may not coniain a' core tank separating t h e  two regions. 

The only r e s t r i c t ion  i n  the cohposition i s  the requirement tha<:$he i a t i o s  . . 

of the concentratibn o f  one o f  the core f u e l  components t o  the concentration 

of the other core  . . .  cor&onenth (except moderator) be independent . of . core . fuel ' . '  . 

. . 

concentration. The v o l u m e f r a c t i ~ n  of core. moderatbr i s  assumed t o  be 

-independent of core f u e l  concentration. For t h i s " c a l c ~ l a t i o n ,  the reactor . . 

dimensions and ,blanket composition are- fixed; hence, the .. . core composition 
. . .  

i s  . the .  . variable ,  f or yhich 'a  solution i s  sought. 

The r e su l t s  which inay be obtained 'from the caiculati.on are: 
: 8 

1.. . For a steady-state . . system 
. . 

a .  C r i t i c a l  core concentration 

b.  volume integral  of the f a s t  and thermal f lux  i n  the .core 
< 

. . 

and blanket 

. . .  * ORACLE Problem   umber 191. This.code supersedes the code. described i n  
CF -.54-7.- 38, oracle Code fo r  Two -Group, Two -Region Homogeneous Reactor 
Calculation, by T. B'. Fowler and R .  A .  Willoughby. ' 



c .  Neutron Balance, i . e . ,  a l l  neutron absorptions. and 

' leakages 

d .  Flux p lo t  from the  center of the  core. t o  the  pressure 

vesse l  boundary 

2 .  For a non-steady-state system 

a.  Reactor period 

b .  Ef fec t ive  mult'iplica.tion constant 

c . Mean l i fe t ime  of prompt neutrons 

d . Temperature coef f ic ien t  of r e a c t i v i t y .  

IMTRODUGTION 

A machine code of t h i s  type i s  extremely usefu l  i n  t h a t  con- 

s i s t e n t  and accurate r e s u l t s  may be obtained with a minimum of time 

and labor-. This is  rea l ized  especia l ly  i n  survey type calcula t ions  

where, . . from a p r a c t i c a l  . . point o f  vieG, it i s  nece$sary t o  minimize 
. .  . 

the  r a t i o  of time spent. i n  obtaining r e s u l t s  t o .  t h e  time: spent i n  
. . 

analyzing them.. A two-region, two-group, steady.-state . . reactby calcu- 

l a t i o n  lequ i res  . s i x  . . t o  e ight  %hours using a desk computer, whereas 
. . 

the  ORACLE perf orms t h e .  same calcula t ion i n  approxim@.$ely Pif teen 

seconds. The ion-s.teady-state . .  . .ca lcula t ion,  requir ing a p p r o x i e t e l y  ' 

f i v e  minutes of ORACLLE computing time; 'would be . p roh ib i t i ve ly  long 

i f  done by hand. 

The. purpose o f t h i e  memoiandum i s  t o  enable one, who ii'. 
. . 

..unf'&iliaf w i th ' t he  ORACLE,. . .. t o  us"e the..'code f o r  t h i s  calculation. 
. .  . . . ..... . . .. 

~ e n e r a l l ~ ;  t he  only .labof. ilivolved i s  t h e  preparation . .. of the  input 
. . .  



UNCLASSIFIED' 

paramete? paper . . tape.  with t h i s  .tape and the  code tape, khe calcula t ion 
.. . . .  . . . 

. . 

can be performed b y  f . oll iwing . the  machine dperating ins t ruc t io&,  The 
. . 

code tape, a s  well  as a pr inted copy of; the  code, is  avai lable  i n  the  

author ' s  box . . i n  the  couiphter room, Building 4500. 

This memorandum 'consists  o'f three  . pa r t s  and an appendix. The . . 

first  p a r t .  l ists the  output answers t h a t  a r e  obtained f&m the  calcu- 

l a t ion ,  the second p e t  l is ts  t he  input parameters neoessary f o r  t h e  
. . 

. calcula t ion &th  ins t ruc t ions  f o r  prepaying the  input parameter tape., 

the  t h i rd  par t  gives the  complete machine operating ins t ruc t ions ,  

and the.appendix shows the  complete der iva t ion .of  the  two-region; two- 

grQug & q ~ ~ a t l b p s  used, a d ~ ~ e r i ~ 2 ; r l e n  of the  method of calculatidn, .  and 
. . 

cer%ain r e s t r i c t i o n s  i n  t he  calcula t ion.  



I. OUTPUT ANSWERS 

A l l  or 'kertain par ts  (see page 13) of the foll6wing. answers 

are. punched on the answer tape fo r  each reactor ca1cl;lllation. 

1. Case Number . 

- t o t a l  neutron production 

,*, 

'* 4, - t o t i 1  neutron losses 

- - thermal macroscopic absorption cross section of 
core . . . .  fue l  component 1, :cm-1 .. . . . . . . . . . . . . . . .  . "  < . .  

5 . . ,$ .: - .volume . integral  of ., f a s t  f lux  i n  the core 
. . . .  1c ,. . . .  , . , . .  . . . . . . . . . .  

,. . -  Voluine in tegra l 'o f  . . .  thermal f lux  i n  the core . 
. . 

. . . . .  

- volume integral .of  f a s t  f lux  in" the  blanket 
. . .  . . . .  

,-' , \- ' 8 -  $ . . , - volume in tegra l  of thermal f lux  i n  the blanket 
% .  . . .  . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . <  -. . . . .  .- - - . . .  " . . 
3'1 

9 .  A2c. , .  - thermal . neutr.on . absor.ption i n  core .fuel component 1 
. . 

- thermal neutr,on absorption i n  core f u e l  component 2 
. . .  

3 .11. A2C - thermaL.neutron absorption i n  core component 3 
. . 

- thermal neutron absorption i n  core component 4 
. . 

5. - ...l3. A2C - thermal neutron absorption i n  core component 5 

-'.thermal. neutron absorption i n  core component 6 
. . 

- thermal neutron absorption i n  core poisons 
. . 

M 16. A,, - thermal neutron absorption i n  core moderator 

17- AIC ... - f a s t  .neutron absorption i n  core 



UNCLASSIFIED 

- thermal neutron absorption i n  blanket fuel.component 1 

- thermal neutron abs,orption i n  blanket f u e l  ,component 2 

.. - thermal neutron absorption i n  blanket .component. $ . : ,.. 

- thermal neutron absorption i n  blanket . . c.omp0nen.t !L 'i 
< .  

- thermal neutron absorption i n  blanket component 5 
. . 

- thermal neutron absorption i n  blanket component 6 

- thermal.neutron . . absorption .in blanket component 7 

- thermal neutron absorption i n  blanket.component 8 

- thermal neutron absorption ,in blanket component 9 

- f a s t  neutron absorption i n  blanket 

- neutron absorption i n  core tank 

- f a s t  neutron leakage 

- thermal neutron leakage 

I 

: . .  . . - thermalcore  flux a t  r , =  0 .  : .. . : ' .  . '  . . ' 

32- Px(a/4) - thermal core f l u x  a t  r = a/4 

I 

I - -* 3 .  42C ( a / 2 )  . - thermal core f l u x  a t  r = a/2 ~ . . 

I - -  
34. , J2; ( 3a14 ) - thermal core f l u x  a t  r.. = 3a/4 

I . . 
I 

- thermal core f l u x  a t  r = a 

- f a& .core f l u x  a t  r, = 0 .  



37. $iC,(a/4)  - f a s t  core f lux  a t  ri.= a14 

38. $,,(a/2) - f a s t  core f lux  a t  r = a12 

'- t 39. llC,(3a/4) - f a s t  core f lux  a t  r = 3a/4 

40- ?,,(a) - f a s t  core f lux  a t  r = a 

41. i2B(b+~B/4)  - thermal blanket f lux  a t r  = (b+TB/4) 
+-I 

. . where r i s  the r ad ia l  distance from the center: of 

the core and a i s  the core radius,  and where b is 
1 . .  , . 

the core radius plus the .core tank s h e l l  thickness, 

and TB ' i s  the blanket thickness. 

43. #a (b+3TB/4) - 'thermal. blanket f lux  a t  r = (b+3TBh) 

. . 

44. $ % ( R ) .  - .thermal blanket f lux  a t  r = R 

where R i s  the vessel radius 
. . 

45. glB (b+TB/4) - f ;st blanket f lux  a t  r .= ( b + ~ ~ / 4 )  

I- 
46. $ (b+TB/2) - f a s t  blanket f lux  a t  r = (b+TB/2) 

% l B  .., 
. . 

* 47. $lB(b+XB/&) . - f a s t  blanket f lux  a t  r = (b+3TBTg/4) 
. . 

,48* P l B ( ~ )  .-. f a s t  . . blanket f lux  a t  r = R ' 

1 R 49. - = - -:reactor peqiod, of non-steady-state system, sec. 
, a. . ke-1 

: . :  



- effect ive multiplication constant of non-steady- . . .  
. . . . 

s t a t e  ,system 

51. 1 - mew lifetime of prompt'neutrons, . .  . . sec. 

52. a k / a ~  - ternheratwe coefficient of: . reac t iv i ty .  . . .  . , 

- - 
The f i r s t  output number, the case number, corresponds t o  the f i r s t  

number on the input parameter tape. The, second and th i rd  output numbers 
a 

' a r e  check numbers and shduid be','equal, t o  a t  l eas t  f ive  Pigures, fo r  a 

valid calculation. The c r i t i d a l  core fue l  concentration is  obtained 

from output item 4. Output items 5 through 48 a r e  norma1izedlJ2aS shown 
. . 

i n  the appendix, and the method of obtaining the l a s t  four~"output items 
i 

i s  a l so  explained i n  the appendix. Answers 2 through 48. are  f o r  a steady- 

s t a t e  system and answers 49 through 52 a re  f o r  a non-steady-state . 
. 

reactor.  
,F" ' - 

Each of t h e  output numbers, except the f i r s t ,  i s  a decimal float- 
, . 

T~ ," ing point number of thenform: 
. . 

0 . 0  
F .XXXXXXFyy 

The f i r s t  d i g i t  i s  e i the r  . , 0 or F, depending upon whether the number is 
. . 

positive or negative, respectively; the next s i x  d i g i t s  a re  decimal 

f ract ion;  the eighth d i g i t  is  0 br.F,. representing the sign of the 

expon=.nt . . of ten; and the l a s t  two d i g i t s  a re  the exponept of:'ten. 
. L' 



11. INPUT PARAMETERS 

The fol1owing.i~ a list of.the input parameters-for the;calcu- 
. . 

lation with the machine memory cell occupied by each number. This list 

'of memory c'ells is used in determining the ."loading instruction word". 
. . . . . , 

II a - (input item 2j as expbinea below.: . . . . I 
.e 

Memory Cell 
Address .of .Input Number 

.. . . .  . - 
&.. Case identification number, . . 

. . .  

I 2. Loading instruction word 
. . . .  

38% 3. a - core radius, cm. . . 

2 4'. , t , '. I - core tank' thickness, cm. 
' -  blanket thickness, cm. 

4 . . 6 .  e ' - extrapolation. distance, cm. 
, . -. I,, 

5'. . , 7 0 % '  - =esonance escape p~obabii3.t~ . . for the 
" blanket 

- ~er&i age for the blanket, cm 2 
. . . .  . 

- , fast diffusion' c6efficient . . .for the 
blanket; cm. . ' :  

8 10. D2B . - thermal diffusion coefficient for the 
. . . . .  . . . .,.' . .  . 

blanket., cm. 
. .. 

, . 

- thermal. macroscopic absorption cross' , , -1, 
section of blanket fuel component .l, cm 

A F2' 12. C2B - thermal macroscopic absorptf on, cross . .-I 
section of blcnket fuel compon6nt '2, cm . . 

. . 
3 

B. 13. C, '. - thermal. macroscopic absorption cross 
. . sect ion of blanket 'compopent , J j cm-l 

. . . . . . 

14. c4 . - thermal macroscopic absorption croscs 
. .sedti.on. of blanket . component 4, cm ,*. - .  . .. . . 

' 5  . . D l5. z,=, - thermal macroscopic absorption crossl - 
. sectiori . . of blanket; c'omponent' 5, cm 

. , . . 



Memory Cel l  
Address of Input Number 

E 16. c6 - thermal macroscopic absorption cross =. . section. of blanket component 6, cm,. - 1 
. . 

. . 

F . 1 7  C& - thermal macroscopic absorption bross - 1 
section of 'blanket. . . component' 7, crn . .  . 

. . 

390 
' 8 18. c2B - thermal macroscopic absorption cross 

. . . - 1 
section of blanket ,cdmponent . . 8, ..cm 

. , 

1 - thermal macroscopic absorption' cross .- 1 
.sedtidn of: blanket component 9 ,  ,cm 

. .. 
. ' 2  . . 2.;. 20.. TC .- . Fermi. . kge f o r  . . the core,, . . .  cm . 

3 ,  21. D& . - f a s t  diff.usion . . ,coeff iczent f:or the, 
core,, cm'. 

. . . , 

' 4  22. D2C - thermal diffusion coefficient. '  f o r  the. 
. . core, cm. 

r . . . . .  

5 '  .23: pc - resonance escape probabili ty .. . fo r  the 
.' core 

6 ' .  
2c 24. - - r a t i o  of thermal 'qcroscopic absorption 

. . . . 
cross section of core f u e l  component 2 
t o  thermal macroscopic absorption. cross 
section of core. ' fuel ,  cornponeit 1 

. . A 3  

7 
L 2C 

25. - - r a t i o  of thermal mcroscopic absorption 

GC1 cross section of core component 3 t o  
thermal macroscopic absorption cross 
section of core f u e l  component 1 I 

- 4  
8 L 2 c  

26. - - r a t i o  of thermal macroscopic absorption c",' cross section of core component 4 t o  
thermal macroscopic absorption cross 
section of core f u e l  component 1 

7 5  
L 2c 

9 27. - - ' r a t i o  of thermal macroscopic absorption p= 
2c 

cro,ss section of core component. 5 t o  
thermal macroscopic absorption cross 

' sectxon of core f u e l  component 1 
v 6  

8 

A 
&2c 

28. - - r a t i o  of thermal macroscopic absorption 
cross s'ectiori of core component 6 t o  
t h e m 1  macroscopic' abscirpti'on cross 
section of core f u e l  component 1 ' 



Memory Cel l  
Address of Input Number 

- r a t i o  of thermal macroscopic f i s s ion  
cross section of core f u e l  component 1 

, ,  

. t o  thermal macroscopic absorption . . cross 
section of core f u e l  component 1 ' 

- r a t i o  of thermal macroscopic f i sa ion  
cross section of core f u e l  componeht 2 
Be. thermal macroscopic absorption cross 
section of c0r.e f u e l  component 1 

- core poison fract ion,  i .e., . . 

E FI 
32. TB. - number or Yission neutrons produced per 

thermal neutron absorption i n  blanket 
f u e l  component 1 . 

F '  F2 33. 7, - number of f i s s ion  neutrons produced per 
.% . -1 thermal neutron. absorption i n  blanket 

f ue 1 component 2 

-. number of f i s s ion  neutrons produced per 
thermal neutron absorption i n  core f u e l  
component 1 

1 - number of f iss ion neutrons produced per 
thermal neutron absorption i n  core f u e l  
component 2 

* 
2 36. DSE - diffusion coefficient f o r  the core tank, cm. 

. . 

' .  3 37. xsH - meffoecop,ic absorption cross section of 
'3 care tank, cm.-1 - . & .  

' ,- ' 4 38- C:, - thermal macroscopic absorption cross 
- section of core moderator, cm-1 

a 8 

5 39; .V, - velocity of f a s t  neutrons i n  the core, 
cinlsec. , 

, 6 40. V, - velocity of thermal.. neutrons i n  the ' 

I ,  i ' . .  
core, cm/sec . 

I * See r e s t r i c t ion  6 i n  the appendix 



Memory Cell 
. % Address, of In~ut Number 

- velocity of fast neutrons in the blanket, 
cm/sec . 

- velocity of themax neutrons in the 
blanket, cm/sec . 

- assumed temperature change from stddy- 
state to non-steady-state system, OC 

0 \: 
A 44. - ratio of thermal 'microsc.opic absorption 

CJ-:;(T) c'oss section.qf core fuel componeht 1 at 
- (T+AT)OC to the,rmal 'microscopic absorption 

cross section of core fuel component l.at 

F2 a, @+AT 
B 45 - ratio of thermal microscopic absorption 

cross section of core fuel compoqent 2 at 
(T+AT)'C to thermal 'microscopic absorption 
cyoss. section of cqre fuel component 2 at 

The machine may be mide to do two different.,types of calcu- 

lations, depending . . upon what is ,desired. One calculation is the. 

steady-state calculation alone, and the other is the, steady-state 

plus the non-steady-state calculation. 

Consider first only the steady-state calculation. For; this 
. . . . 

calculatioq, one may require that the output numbers 1 thr-ough 30, 

or the output numbers 1 through 48, 'be punched on the answer tape, 

depending upon the first two digits of the case identification 
, 

number (first number on the input parameter tape). 1n *liT.s calcu- 

lati.on, the f'irst two digits..of the case identification number . 

are 00, for answers 1 through 30, or OF, f oranswers 1. through . . 47, ' 

followed by eight arbitrary hexidecimal digits 0-F. For the 



s teady-state calculations, only the input : parameters 1 through 38 .are 

used and the input numbers 39 through 45 may be zero or let% out + 

entirely; however, all of the input numbers 1 through 38 need not be 

punched on the input parameter tape for each case if several cases 

are to be run consecutively. The second input number (loading 

instruction word) determines the number of, input numbers to be 'used 
. . 

for each case that are different from the prec.eedi,ng'case. This 

number consists of ten digits and is of this form: 

00 aaa 00 ZZZ 

where aaa is the memory cell address at the first input number to be 

loaded, and ZZZ is the memory cell.address of the last input number 

to be loaded. Obviously, the numbers that are punched on the input 

tape for each case must be in consecutive order. Each of the input 

numbers except the first two are ten-digit, decimal, floating numbers 

(see Page 9 )  and all of the input numbers are punched on the input 

tape,.separated . .. by a single space and have a single space following 
. . .  

the last number of each case.. . 
. . 

, . . Suppose, for example, ,that a series of three steady-state 

reactors . . are to be calculated with the answers '1 through 30 desired 
.., . 

for'the ':first two cases . +. and the answers 1 through 48 desired for the 

third case. Suppose further that the second reactor differs from 

the first only in item5 (blanket thickness) and that case J differs 
. . 

from case .2 in items 5 and 11. The, input parameter tape would be 
. . 

prepared as follows: 
s .  

F& case 1, the case 'identification number would be punched 

as 00, f oLlowed by eight arbitrary digits; the loading ' ins truceion 
. . 



word would be 00 381 00 3 ~ 4 ;  and the complete set of input numbers 3 

through 38 would follow, with all numbers including the firit two, . 
, . 

.separated by a single space. (1t is desirable to separate each. case 
. . , . 

. . 

on' the input tape by several inches of the tape "leader" or 

For case'2, the 'case identification number would be 00 for the 
. . 

. . 
first two digits, the loading instruction word would be 00 383 00 383, 

. . . .  . . . 

and this would be followed by input item 5 only. Again, each of these 
. . 

three numbers would be separated by a single space. Case 3 would have 

OF for the first two digits of the case identification number, 
, :  

00 383 00 389 for the loading instruction word, with input numbers 5 

through 11 follawing. 

The steady-state plus non-steady-state calculation differs from 

I the steady-state 'calculation in that two sets of input numbers are 
. J' . . I ,-. . , 

1. . required for each reactor calculation,, and one may obtain answers 1 

' - . , G  through 36 followed by 49, through 52, or answers 1 through 52, depend- 

ing'again upon the first two digits of the case identification number. 

For this calculation, F O  fir the first two digit?.: of the case identi- 
. . 

. .  , . 
f'ication number produces answers . 1 . through 30 fqlloyed by 49 through 

52; whereas FF prodices answers 1 through 52. 

In this calculation. it is assumed that a reactor which is 
I 

. operating in' s steady state' is suddenly made unstabie by an instant- -. 
. . 

aneous change in temperature (see appendix for further explanation - 
... 

of this calculation) . . Each . reactor calculation. then requires ..." 
. . 

. . 

a set of input numbers correspondin$ to a steady-state system at 
. . 

-, 

temperature TOC,. followed by another set of input numbers correspond- 
. . . . 

ing to the same reactor but at temperature (T+AT)'c. The case' ' ' 

identification numbers for both sets of input numbers must be identical. 



For example, suppose one reactor i s  t o  be calculated and it i s  
%.. . 

desired t o  obtain a l l  the output . . answers 1 through 52, and suppose , 
. .. . . 

it ' is  assumed, fo r  .,this case that ,  from! steady s ta te ,  the - cdre temper- ... 
I. : 

. .  . . , . 

ature w i i l  suddenly change from TOC t o  (T+AT)'c'.. The input . . .  tape w i l l  
,: . 

. .  . .:. . 
need the 'case ident i f icat ion number with F.F f o r  the f i r s t  two dig.its, 

* '  . . . . 
< .  

. .  . . ' \ . '  ' . . 

the loading instruction word, ,and ..-the complete s e t  of input ... .% numbers 
! .  

1 though 38 corresponding t o  the steady-stste 'temperature TOC. 
. . . 1' . 3 , :  . . 

. . 

This s e t  o f  input . , numbers w i l l  bk . followed . (on the same tape) by 
. . .. . . - 

another se t  of numbers consisting of the same case  ident i f icat ion ' 

1 3 '  i 

i number, 00 392 00 3 ~ ~ , ' f  or the'  loading word, a id  the inp i t  . . 20 through . . 

. . . . 
38 p l ~ s  39 through 45 corresponding t o  tempe&ture (T+AT)'c. Bqth 

. . , . 

. of theses 'k ts  of input numbers a re  punched o n t h e  input tape a s  
, : 

. .  . 



I11 . MACHIME OPERATING. mSTRUCTIONS 
. . 

. . 

The step-by-stepmachine operating procedure i s  . l i s t e d  . below, 

followed by a simplified magnetic tape flow chart .showing the position 

of the magnetic tapes and contents .of the f a s t  memory a t  each s tep i n  

the calculation. Instruction for  r e  - s ta r t ing  the calcdlat  ion' i n  base 

of a machine er ror  that  cannot pe corrected are  a l so  given. 
.. - 

Procedure 

1. Load f i r s t  part  of code tape by console order - 90:3EA. 

This loads the f i r s t  par t '  of the code in to  the f a s t  memory t o  double 

space, s tor ing f i r s t  . word . i n  memory'cell 3EA. 

2. Without removing code tape from the reader, put the ' break 

point switch up and give console o,rder - 43~157. This console order 
. . .  

t ransfers  machine control ,  t o  the l e f t  of memory c e l l  157, a t  which 

point the machine writes onto magnetic tape the complete memory 
. . 

beginning with - c e l l  000, loads  the second part  of the code tape in to  
. . 

the f a s t  memory s t o r i i g  f i r s t  word i n  memory c e l l  170,' writes onto 

magnetic . . tape c e l l s  170-2EF, reads . . from magnetic tape . onto . the f a s t  

memory the f i r s t  part  of the code beginning with c e l l  000, sums the 

complete memory stopping a t  a break . . po in t . a t  the . r ight  . of c e l l  33A 
, .  . . , 

with sum i n  %. 
. . .  

3. A t  t h i s  the,  contents of Q,., should read . A593599233. . 

I f  t h i s  i s  the case, put the input. tape under the reader and s t a r t  

the calculation by se t t ing  the operate switch t o  "stop" and back '. 

to. 'c~nt inuous.  I f  .the sum i n  Q L does not read correctly,  begin . , 

. .  . 

over with s tep 1. 



4. A t  th i s 'po in t ,  fo r  the steady-state calculation, the 

machine - w i l l  read i n  the input numbers, fo r  the f i r s t  case, compute 

the reactor and punch out the answers, returning t o  the "break point 

stop" a s  i n  s t e p 2 , w i t h  the sum again i n  &L. The calculation fo r  
.. . . 

each succedding case may be continued as  i n  s tep 3 .  For. the noi-steady- 
. . , . . . 

. . . . 

s t a t e  calculation, the machine w i l l  r ead  i n  the f i r s t  s e t  of input 
. . . . . . . . 

numbers, calculate,  then. read :in. the following s e t  of numbers and 
: . . . - .  . .. 

compute before punching. the answers. 
?. . . .. . . . . .  

Magnetic Tape Flow ,Chart - Drive Zero 
. - .  -. . . , : . . . . .  - '.. - . ' . 

. . . . . . .  ' .  

L .  ,~ttrt I: . , . ~ a r t . 1 ~  ' I' Storage 

(a) -1 (b)  ( c )  [ jzzGZ-l  (a)  

1 .  x = 4 blocks - y' = 2 blocks z1 = 1 block. 
. . '  

, . 

Beginning the calculation, the code i s  put under . .. ... the reader 
. . . . . : 

and the conbole orders 90: ~ E A  
. . .  43: 157 given 

The machine does the following: (tape , a t  a )  . : 
.. . . . 

1 .  WF:000 - 1024'vords (tape a t .  b ) :  ,. 

3. W F ' : ~ ~ O  - 384 .woras (tape a t  c.) 
. .. 

1. 1 
HB: (x +y ) = 6 blocks (tape a t  . a )  . 

5. RF : 000: - 1024 words (tape a t  b ) 
. . 
. . I .  

6 .  RE.;Y..-. = 2 blocks (tape a t  c )  

7. RF:380 - 37 inpu t  numbers (tape a t  d )  

8. Sum memory and stop on bregk point a t  33'' with sum i n  pZ 
, , 

, 9 .  ' .  Input tape under reader,,' the ..machine . . i s  re-s tar ted.  A t  thi,s point 

the machine w i l l  read i n  the '  f i r s t  get of i,nput . .  . .  'numbers . . . . and w i l l  

compute foe  approximately 15 seconds. 
. . c 4. p, 

3 3 , , 
L 



1 0 .  H B : Z ~  = L block (tape a t  c) , . 
. . . . 

11. WF: 380 = 128 'w6;ds (tape a t  d )  
. . r ; 

A t  t h i s  point, f o r  steady-state calculation, control goes t o  s tep 15. . .. 1 

. I 
I Otherwise, c.ontinuewith s tep 12. ' I 

12. For the steady-state" plus non.-steady-stat'e calculation, a t .  t h i s  ; 
.. ,:. 

a .  ... . . 

I point the se'cond se t '  of "input,  numbers i s  read i n  and the machine 

computes for  approximately f ive  minutes. 
. (. 

1 .  &:z' = 1 block (tape a t  'c) ' 
. . 

A- I 14. ~ ~ : 3 8 0  - 128 words. (tape a t  .d) 
. .. 

1 1: I S.S .  . 15.  H33:,(y+Z ) = blocks ( t apeaa% :. b )  . 

3 6 .  RF : 170 - 384 words (tap; a t  c ) 

. A t  t h i s  point, machine computes f o r  approximately 3 seconds and 

punches out the answers, then control goes t o  s tep 4. 

I f  the calculation stops i l legi t imately and- cannot be . .. continued, . . . . , . .. . . . . 
e.g. ,  i f  an error  occurs i n , a  computed number, simply posit ion the 

.. ' 

magnetic t ape  t o  point c '(see magnetic tape diagram), put  the input, 

.. , tape , ( fo r  the case o n  yhich the code, stopped) back under ' the - reader, 

and give cqnsole order 43 : 323. This r e  - s t a r t s  the etilcuiat ion . 

beginning with step' 4 above. .. 
- .  

,The legitimate stops i n  the code a re  as  follows: 

..- 1. Cell  O3A - attempted.division by zero. 

2. Cel l  O3B - computed number out 'of range. ' . 
L: 

3. c e l l  133 - sinh, cosh out of range. 

4. de l l .  234 - atteinpted square ~ o o t  of negative number. 



APPENDIX 

In  the following equations the items marked by two * a re  

output answers. 

A .  General non-steady-state two-aoup, two-region diffusion 

equations3 . . are  : 

Core : 

Blanket': 

D .  . 
- - -  where xlc, - lC - f a s t  macroscopic removal cross section i n  core, . . 

. .. T., 
. /' 

c E ~  = th&rlnal,, rmcroscopic absorption cross section of f u e l  i n  
core 

= t o t a l  macroscopic absorption c ross  section fn  core z 2 c  

Dm - f a s t  macroscopic removal cross section i n  blanket ="= - 

= thermal macr0sc6~ic absorption cross section of f u e l  i n  '' blanket , '  

. . 

x2B = t o t a l  macroscopic absorption cross sec t ion  i n  blanket 

Assuming the reactor i s  on a s table  period, 



where 

i & : = kh-l = excess reactivity 
e 

0% 
= reciprocal reactor period. , = P .  

Then it 'fpllows that 
. . 

If the assumption. is made that an instantaneous change is made in the 
. - 

. system giving rise to Ak e7 then at t h e  zero equation (1) becomes 

where 

a e  - 0 Note that. for a steady-state system, m = - - 
'1.' 



B. Solution of (2)  

1. Blanket 

9 
We assume 

1 1 where E and F a re  a rb i t ra ry  constants and S1 and S2 are  coefficients 

t o  be determined. 

We require tha t .  

Using (3 )  and (4) i n  ( B ) ~  we obtain' 
. . 

1. 2 
2~ + ( c ~ + K ~ ) E ~ s ~  - 

["J 81 1 

bp 2 ~ 2 + ( C  lB+KIB) 

1 2  8 + ( c &+K, )E' - pBsl C l B ~  + ( c m+K2B ) , 
. . . . . . 

, I F ~ ' - ~ C  FS, W = o  
B UB 

and since the above equations must hold .for a l l  values of Z and W ,  it 

follows tha t  

*Note tha t  the form of equations (3) and ( 4 )  is  taken so tha t  the calcu- 
l a t ion  will hold fo r  the case of a pure ref lec tor ,  i .e., no f u e l  i n  the 
blanket 



and we take fo r  S1 and S2 

From ( 5 )  we write 

2 .  2 .' and solving f o r  c # ~  and f12  we get 

where, f o r  t h i s  par t icular  calculation (with reference t o  the input 

numbers ) 



It should be noted tha t  fo r  the case where there i s  no f u e l  i n  the 

'blanket , and 

ther  
' I 

When 

then. 

Z ~ B + ~ ~ B  , H i  = cLB+KLB . D , and S1 = 0. 
l . E ,  

- .  2. Core 

For the core equations we assume 

1 .  - sin$ + s2C Y ?2c - 
1' 1 

where A , C , sl, and s have the same significance as  i n  ( 3 )  and we 
2 

.. require tha t  X and Y s a t i s fy  . 

- 



using (6) and (7) in (2)A, we obtain 

It follows that 

and hence , 

Because of the fact that xFc and hence C 2C is the unknbwn variable in 
. . 

'this calculation and since for a two-region sphere 



it is most convenient to write the above equations as 
. .  . . ,. . . . , , . . . :. . .. . . . 

. . .L.. . . . .  . :  , . . . . . .  . . - 1 

where for 

= an effective q(-j of everything in the core except moderator, 
i.e., considering all core components except moderator as 
fuel . . . 

and where 

and 

sl and s are takeqas 2 



From equations (4 )  and (7) we write 

sinh bP lr cosh lr 
~ ( r )  = E~ ' 

+ F1 r r 

sinh dP 2 ~ -  cosh H2r 
~ ( r ) . =  E2 

,, r . ,  

+ Fg .. 

~ ( r  1 = A l - + C L -  I- .  1: 

sinh v r cosh v r  
y ( r ) = A 2 ,  r + C 2  . r  

where EL, E2, F1, F2, A1, A 2 , C l ,  and C a re  a rb i t ra ry  constants. 
2 

Applying the extrapolation boundary condition 

, z(?) = w(F) = o 

and requiring tha t  

requires 

hence 

~ ( r )  = El sinh W1 (F-r) 
r 

ry 

~ ( r )  = sinh H2 ( R - )  ' 
r 

sinh &r 
x ! r ) = A 1  

s i n  yr . , 

~ ( r )  = A2 , 

4 



and from ( 3 )  and (6) we have 
sinh &' l(ii-r) sinh dP2@-r) 

$lB = SIE r + S;IF" 

sinbr sinh Ur 
= A + C .  r, 

sin fir sinh Ur 
$2c = slA r . +: "2' . r . .  . 

Applying the thin shell interface boundary conditions 
4 

where a = core radius 

b = .core-radius plus shell thiclmess 

= fast diffusion coefficient %or shell D1s 
= $h&ial diffusioi coefficient for shell ' , 

D2s . , 

91s = ..fast fl& in shell. 

@2s , 
= thermal flux in shell ' 

$ = dekivitive of flux, i = lC, 1B, 2C, a, 121, and 2s. 



.. .. . 

Then 

2 SH &l&fl& (a) = b%m$&(b) - . , t b  . C a 

- where t = shell  thickness . .  . , 

. ~ . . 

.. -r . . .  ,. ..,. 

sinh # 1 ~  A sin s + C sinh Ya + E S ~  -a/b - - [ .sHb >] . , 
.,* 

. . . . 

 AS^ 'sin P +"cS , 2  si* ~a +, E - llSHb m] 1 si* 8 1 ~  

Agl bin a + Cg2 sinh $a + E - Slml s i a h  ,a1~ ./ P 1c 

D l ~  + F - S m sinh # 2 ~  = 0 D i C  2 2 

Aslgl  sin a + & g sinh Va + E r 2 2 

sinh d f 2 ~  = 0 



where m - $b coth dfiP + 1 
1 - 

m2 = R2b coth ,fY2~ + 1 

gl = a cot ap -'1 k ' .  . . 

Q2 = av coth a U -  1 

, . 
T = (E-b) 

. . 
'and 

.- A, C;E, and,F are unknown arbitrary constants. 

For a non-trivial solution of the homogeneous set (12)) it is necessary 
* and sufficient 'that the', def eminant of. the co&f f icient Vanish, hence we 

. . 

write as the critical equation 
. .  . 

( s.inh ' 8 ~  ) ( s inh 6P2T ) 

calling the value of the critical determinant A, we can write (using 

a '"s for the determinant elements) i j 

. . I .  . 

. . 



where all factors outside the determinant have been dischrded. 

Knawing the value of , for a particular reactor, which makes A = 0, 
. .  . . . . . 

we write 

. . 1t 'is. obvious that the . homog&neous set (12) cannot be ' solved for all four 
. . . .. , , 

. . . . 
of the constants A, C, E, and F; theref ore, we divide (12) by Ai:and solve 

. . .  . . 

C E F for x, and ; hence 

E - - sinha 1111 
A - sinh dQIT 121 

and - 
F - 

21 sinp + a2p CIA sinhWa + a 23 E/A sinh &T 

z . -  
aZ4 sinh H2T 



where 

and a. .. are gtven in the critical determinant. 
'.: . 1 J .  , 

: F With ;- and - known, w e  can now write the neutron balance as A' ;jp .. . A 
. . . . . . ! .  



.I , 

. . , . .. - . 

where 

R .  
3 C W .  

b . .  . . 

R2T- H2R cosh dP2(Z-~)- 

** R 
2 $' = 5 (jjm4.r 

sinh p- W l ~  c 4 b h 5 ( ? i - ~ ) - ~ ~ ~ ~  
m , ,  

.. b 

sinh h2T-  Rg. cosh bP 6-i) + 2 ,,.: 

. . 
a .H. . . . 

sinh Va - - 
2C 

-- . 0 .' 

, . . 

sinh #a - -. 

0 
. . 

. . 
and b, (jjlc, @& a re  as given i n  (10) 

The t o t a l  neutron production i s  .given by 

.. . - .. . . . . and the t o t a l  neutron . losses  i s  g ive i  by - 

2B 
+ L + L2, i = reactor components 

1 

)HC 

The f l k  p lo t  is computed from ( l o ) ,  where A, C,,E, and F take on the 

values A/A, CIA, E/A, and F/A. It w i l l  be noted tha t  a l l  of the above 
. . .' , 

... . 



-. - .  

normalized answerh2are equal to the actual answers divided, by the 

constant A. The constant A may be evaluated if the core or blanket 
, ,. . . 

power is specified. For example, if the core power is specified, 

then 

where : 
. .. 
PC. = core p'ower, kw 

13 P = 3..38 x 10 . fissions/kw-sec 

.= macroicopic fission cross section of fuel in the core 
fC . . 

P2c 
is as'given above . , 

and; the actual absorptiop, . . leakages, and f1uxe.s may be calculated by 

&ult,iplying those output answers by A. 
. . . . 

, , 

i .  

C . Method of Calculation 
 he method of calculation is given, briefly, as follows: 

/. 

/ .  .. . I. ste&dy-state System . . 

i 

with a particnlar.set of input parameters, m is set equal to 
, . 

zero and the' blanket.functions are c'omputed.. Then, using the core 
. . . . .  

-5 
, dependent., equations, the value of is found which makes A( 5x10 . 
With this value of /A,' the .calculation is completed producing either 

of the, two sets of steady-state answers. 

. . 

For this calculation, the ,steady-state system is first corn- 
. . 

puted as aboveusing the steady-state , . input ,parameters (coyresponding : 
. . 

tb the steady-state temperature, T'C. Then . with . the critical core 



fuel concentration of .the'steady-state system known, and using the 

< .  non-steady-state input (c'orrespondingto (T+AT)'c), the 
. . 

I - 
value of 

. . * 
is found which gives this fuel concentration. Then setting m = 0, 

. . 
I . . . . 

the value bf ; 7 ) ;  i a  found which makes the critical core fuel con- ~ 
i *,- 
I centration of the.non-steady-state system the . same . as that for the 
I - 
' .  steady-state . . system: ~he.mblti.plication is then taken to be . , 

. . : 7,Lcss 3(-y. ' 

ke:. = 
. . 

. . 

.w Oke . we 
= are ~ o ~ ~ u t e d .  w i'th ke known, A&,,=: k,=-1, , = 7, and 3.T. . .AT . . 

. d In the answers that are produced for this calculation, items 2 
< 

' 

. through 4.8 are steady-state answers, and items 49 through.52 are for 
*' r 

the non-steady-state system. 

D . ~estrictions. in the Calculation: 
38 . *lS computed numbers mist be in the range X (10 . . 

2. For the steady-state calculation and the non-steady-state 

f l <  fl 6qlculation for which m > 0, /A must be in the range .- p4 .a - . 
3 .' For the non-steady-state calculation for which m < 0, /U 

. . .  
.n. < must be in. the range -/A<,:. 

. . . . 1 
4. For the non-steady-state calculation, 71C(~~~) must lie 

1 in the range 1.5 L Y~(NSS)< 2.5. 

* .  
Tn particular the macroscopic absorption cross section of core fuel 
is used where 

ac . 



5; Generally speaking,' the code w i l l  not compute reactors 

whose. core radius, a, i s . l e s s  than approximately 15 cm; however, t h i s  

r e s t r i c t ion  i s  highly dependent. upon the core and bianket compositions 

1 . 1  a s ,  well as  the other input parameters such a s  . !s, ,D I s ,  e t c  . ; hence, 
. . 

5 the above f igure w i l l  vary c w i d e r a b l y  with each part icular  case. , 

6 .  I n  the case where a reactor has no shel l ,  input item 

36 (DSH) must 'have a value, generally 1 .. . .. 

7... 'For the case. of a non-steady-state cal+culat'ion requir- .  . 
2 .  . , . . 

i n g  a negative the machine w i l l  s top on JT i n  the case &=re ! . 

there i s  no f u e l  i n  t h e  blankkt a i d  
. . 

Restr ic t ion 1 resu l t s  from the f loa t ing  point sub-routipe 

KU,' 

. . ' . .  . . .  

used i n  the code. ..The lower- l i m i t  i n  r l s t r i c  t ion  2 i s  f o r .  conv~nience 
i 

only and w i l l  not be exceeded . . fo r  any prac t ica l  case'. It follows,, 

' '  lD2B, D 2 ~  , , 

" " .  , ' 

. - > . -  

' from ?quation (93, t ha t  p a n d  m, when m 4 0, could have values such 

that  s1 -00, hence r e s t r i c t i o ~ y - a s s u r e s  tha t  

s23. 

i The limits imposed on ) J ~ ( N S S )  a r e  more or less, a rb i t ra ry  and can 

' < ( the foregoing i s  t rue i f  m = - 160). 

e a s i l y  be!changk; however) f i r  most pract ical  cases, the l i m i t s  show 
. . .  

above, w i l l  n o t  be exceeded. ' .  

- The f a c t  t ha t  there i s  a lower l i m i t  on the core radius i s  

not surprising when one considers the denominator i n  equation (8la , 
n keeping in mind tha t  . i s  always taken a s  some number (between i;6 and fi) P 



., . . . 

divided by a.;: 1f a i s  such tha t  
. . .  

, then (2 +,p2) + 00. 

Actually, i n  the case where a i s  too small, the calculation stops with 
. . 

the computation of sinh Ya and/or coshYa, where v a  i s  such that  . . the 

funct ion  exceeds1038"(restriction . . 1 ) .  Restriction 6 i s  actual ly  not 
. . 

a r e s t r i c t ion  , . but i s  necessary because of the f a c t  tha t  D SH b i s  ueed 

as  i d i v i s i r  i n  the' calculation;, howeve.7, i n  the case where there i s  
'. . 

.. . . .  . 

no shel l ,  DSH can have any f i n i t e  value without affect ing the r e su l t s  
. . . . . . .  

o f .  the .calculation, a s  long a s  ' t = 0 .  . . 
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'0 F 
~ s s h o w n  i n  the  footnote on page 35, 2 C ( ~ + ~ ~ )  ( f o r  a non- . . -  

' F  
s teady-s ta te  system) i s  calcula ted by correct ing 2C (T)  f o r  the  change 

i n  t h e  microscopic cross  sect ion only j i .e ., . the ac tu5 i  concentration 

of f ue l ,  8 ,  i s  unchanged. F O ~  a  homogeneous system i n  which the  
. % 

, , 
densi ty  of the  core and/or blanket solut ions  are a f fec ted  the  f u e l  

+J < u  'i 
( . coicent;ation i s  a l s o  a function of temperature.  his effeCt may 
i 

b e  considered by wr i t ing  i n p u t  items 44 and 45 (page 13) a s  

. . 
and 

M M 
' respectively,  "where P (T+AT) and P (T )  ar.e the  dens i t i e s  of t he  ,., 

.3  moderator i n  grams per cm . 
The l e f t  hand s ide  of the l a s t  equation on page 22 should 

be S2. 

The f i r s t  sentence on page 31 should reaQ: "Knowing the  

value of r f o r  a pa r t i cu l a r  reactor ,  which makes D=O, we write". 

UNCLASSIFIED 



. .. 

~ 1 1  subscripts in the footnote on. page 35 should be 2C.  

It has been noted that for some reactors, the value of 

the critical determinant cannot be made less than 5x10-~; i .e., the 

change i n p  required:-to. change A beyond some particular value is so 

small as to be insignificant and the machine continues to,compute 

without' completi'ng.the calculation. '1n.this case the machine should 

be stopped and the word ~64189374~, representing 5 x 1 0 ~ ~ ~  or the 

word . . ~951~~85l3, representing 5x10-3, should be, inserted in memory 

cell 329 and. the machine' re-started with the order on which it was 

otopped. . Another alternative is to insert one of the above! wnsd~ 
. . 

in'memory cell 329 immediately after the first part of the code has 

been loaded. into the memory. 






